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CLAIM 

An adaptive post-filter control method in a speech coding system for digitally 
processing speech signals in a high-capacity coder (21) and sending primary 
information and auxiliary information out over a channel, decoding them in a 
high-capacity decoder (31), and extracting the speech signal; 

provided on the coder side with an error detecting coder (22) for generating 
error detecting redundancy bits of said auxiliary information; 

provided on the decoder side with an error detecting decoder (32) for detecting 
whether or not there is an error in the received auxiliary information, a channel state 
monitoring portion (33) for monitoring the channel state, switching means (34) for 
performing switching operations in accordance with the outputs from said error 
detecting decoder, and an adaptive post-filter (4) for performing corrections processes - 
on the decoded output from said high-capacity decoder in accordance with the output of 
said switching means; 

characterized in that 

on said coder side, primary information and auxiliary information to which 
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error detecting redundancy bits have been appended are sent out as speech information, 
and on said decoder side, said switching means stops the correction process when the 
error detecting decoder detects an error in the auxiliary information; and 

if no errors are detected and the channel state is better than a predetermined - 
state, then a correction process of emphasizing tbrmant information in said decoded 
output in accordance with the auxiliary information from said high-capacity decoder is 
performed, and if the channel state is worse than a predetermined state, then aside from 
the correction process in accordance with said auxiliary information, a further 
correction process by a predetermined amount is performed in accordance with the 
channel state. 



DETAILED DESCRIPTION OF THE INVENTION 



Summary 

The invention relates, for example, to an adaptive post-filter control method used in a 
high-capacity speech coding format for a digital mobile radio system, has the object of 
reducing the influence of channel errors without sacrificing the efficiency due to the 
high-capacity coding format, and is such as to be provided on the coder side with an 
error detecting coder for generating error detecting redundancy bits of said auxiliary 
information; provided on the decoder side with an error detecting decoder for detecting 
whether or not there is an error in the received auxiliary information, a channel state 
monitoring portion for monitoring the channel state, switching means for performing 
switching operations in accordance with the outputs from said error detecting decoder, 
and an adaptive post-filter for performing corrections processes on the decoded output 
from said high-capacity decoder in accordance with the output of said switching means; 
characterized in that on said coder side, primary information and auxiliary information 
to which error detecting redundancy bits have been appended are sent out as speech 
information, and on said decoder side, said switching means stops the correction 
process when the error detecting decoder detects an error in the auxiliary information; 
and if no errors are detected and the channel state is better than a predetermined state, 
then a correction process of emphasizing formant information in said decoded output in 
accordance with the auxiliary information from said high-capacity decoder is performed, 
and if the channel state is worse than a predetermined state, then aside from the 
correction process in accordance with said auxiliary information, a further correction 
process by a predetermined amount is performed in accordance with the channel state. 



Field of Industrial Application 
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The present invention relates to an adaptive post-filter control method for use, for 
example, in a high-capacity speech coding format for a digital mobilp radio system. 

In recent years, the substantial incorporation of digital mobile radio systems using 
high-capacity speech coding formats has been considered, but since mobile radio 
systems have transmission paths in free space, there are many factors (e.g. fading) 
which constitute obstructions to reliable transmission, and the contents of the 
information often change due to the occurrence of errors during propagation. 

If many error correcting codes are then appended to the speech information in order to 
perform error correction, the transmission band becomes wide, thus having effects such 
as a reduction in transmission efficiency. 

For this reason, it is necessary to reduce the influence of channel errors without 
sacrificing the efficiency due to the high-capacity speech coding format. 

Prior Art 

Fig. 6 shows a block diagram of a conventional example. Herebelow, the operations in 
the drawings shall be described. 

First, on the coder side, an analog speech signal is inputted to the high-capacity coder 11. 
This coder receives the input signals in units of blocks and performs linear prediction 
analysis to determine a linear prediction filter coefficient, and generates a prediction 
signal based on this. Then, primary information obtained by coding a remainder signal 
between this prediction signal and input signal and auxiliary information such as a 
linear prediction filter coefficient and a pitch period are outputted, converted to 8 kb/s 
digital signals by an adaptive bit assignment prediction coding (APC-AB), and sent out 
to the error correction coder 12. 

The error correction coder 12 performs an error correction coding process with respect 
to the inputted digital signals to generate redundancy bits, these are appended to the 
digital signal in the multiplexing portion 13 to form frames, and the result is sent out on 
the transmission line as a multiplexed signal. Here, the number of redundancy bits can, 
for example, be 1/2-1/3 the number of information bits. 

Next, on the decoder side, the input multiplexed signal is separated at the multiplexing 
separation portion 14, and an error correction decoding process is performed in the error 
correction decoder 15, after which the digital signal with errors corrected is decoded by 
the high-capacity decoder 16 to extract the original speech signal. 

Problems to be Resolved by the Invention 

Here, a coding speed of 64 Kb/s is used when performing 8 KHz sampling and 8 bit 
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quantization with respect to the speech signals, but 16 Kb/s or 8 Kb/s coding speeds are 
obtained by performing high-capacity coding, thus ensuring an increase in the 
transmission efficiency. 

However, if for example a redundancy bit of 1/2 is appended, then 8 Kb/s will become 
12 Kb/s and 16 Kb/s will become 24 Kb/s, so that the efficiency of the high-capacity 
coding is not reflected. 

Additionally, the redundancy is proportional to the error correction ability, and a large 
number of redundancy bits are necessary in order to increase the error correction 
capability, but when the condition of the. channel is bad and errors exceeding the error 
correction capability occur, then error correction will be impossible and the output will 
be made with the errors intact, and in the worst case, miscorrection is performed. 

That is, the addition of redundancy bits leads to reduced efficiency, and if the condition 
of the channel becomes worse than is expected, then the bad influence of channel errors 
will cause correction to be impossible or cause miscorrections. 

The present invention has the object of reducing the influence of channel errors without 
sacrificing the efficiency of a high-capacity coding format. 

Means for Resolving the Problems 

Fig. 1 shows a block diagram of the principles of the present invention. 

In the drawing, 22 denotes an error detection coder for generating error detecting 
redundancy bits of the auxiliary information, 32 denotes an error detection decoder for 
detecting whether or not there are errors in the received auxiliary information and 33 
denotes a channel state monitoring portion for monitoring the channel state. 

Additionally, 34 denotes switching means for performing a switching operation 
corresponding to the output from said error detection decoder, 4 denotes an adaptive 
post-filter for performing a correction process on the decoded output of said 
high-capacity decoder in accordance with the output of said switching means. 

Then, the primary information and auxiliary information to which error detecting 
redundancy bits have been appended are sent out as speech information, and when the 
error detect ion decoder detects errors in the auxiliary information, said switching means 
stops the correction process and does not detect errors. If the channel state is better 
than a predetermined state, then a correction process of emphasizing formant 
information in the decoded output in accordance with the auxiliary information from the 
high-capacity decoder is performed, but if the channel state is worse than a 
predetermined state, aside from the correction process in accordance with said auxiliary 
information, a further correction process is performed for a predetermined amou nt in 
accordance with the channel state. 



Japanese Patent Application 
First Publication No. H2-256308 



Page 5 





Functions 



Generally speaking, since error correction requires detection of errors and returning the 
erroneous part to normal, error detection requires only whether or not there is an error, 
so that the number of redundancy bits is less in the latter than in the former. 

Therefore, of the primary information and auxiliary information sent out as speech 
information from the high-capacity coder, the auxiliary information is monitored for 
errors by appending redundancy bits for detection of errors in the auxiliary information. 
On the other hand, the channel state is monitored on the decoder side, and correction 
process operations of the adaptive post-filter are controlled from error detection _ 
information of the auxiliary information and the monitored state. 

Thus, when there are no errors in the auxiliary information, the errors in the remainder 
signal can be corrected by passing it through an adaptive post-filter which emphasized 
formants in response to decoded outputs from the high-capacity decoder, and the 
influence of channel errors can^b ereduced b y further em phasizing the formants in the 



spectrum envelope information according to the degree of the errors. — 

However, since errors are emphasized by performing an erroneous correction process 
when there are errors in the auxiliary information, control is required to turn the 
correction process of this filter off. 

That is, the adaptive post-filter correction process is controlled by anticipating errors in 
the primary information by monitoring the channel error rate, and errors in the auxiliary 
information are detected by an error detection decoder to turn the filter correction 
process on and off. 

As a result, the influence of channel errors can be reduced without sacrificing the 
efficiency of the high-capacity coding format. 

Embodiments 

Fig. 2 is a block diagram of an embodiment of the present invention, Fig. 3 is a 
structural diagram of a speech information bit, Fig. 4 is a diagram for explaining 
adaptive post-filter control, and fig. 5 is a diagram for explaining the operations of Fig. 
2. In Fig. 5, (J) indicates, for example, a waveform of a portion having the same 
reference number in Fig. 2. 

Here, the coefficient generato r 341 and switch SW are components of the switch means 
34, and the synthesizer 44, adder 45, delay portion 41 and coefficient devices 42, 43 are 
components of the adaptive post-filter. Additionally, throughout the drawings, the 
same reference numbers are used to refer to the same elements. Herebelow, the 
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operations of Fig. 2 shall be explained with reference to Figs. 3-5. 

First, when a speech signal having a spectrum as shown in Fig. 5(a) 1 ® is inputted to 
the high-capacity coder 21, primary information and auxiliary information such as 
shown in Fig. 5(a)-© is outputted to the multiplexing portion 23 and the auxiliary 
information is inputted to the error detection decoder 22. Then, a redundancy bit 
corresponding to this information is generated and inputted to the multiplexing portion 
23, multiplexed at the multiplexing portion, and a speech information bit as shown in 
Fig. 3 is formed, then sent to the decoder side via the channel. The auxiliary 
information can be a linear prediction filter coefficient, pitch period or the like as in the 
above. 

On the decoder side, the high-capacity decoder 31 decodes the speech information bit 
inputted via the multiplexing separation portion 35, but the linear prediction filter 
coefficient (formant information which is a coefficient indicating the spectrum envelope 
information o the speech) 311 is sent out to the coefficient generator 311. 

Additionally, the error detection decoder 32 detects the presence or absence of errors in 
the auxiliary information using redundancy bits, and the channel state monitoring 
portion 33 monitors, for example, the state of the reception level (see Fig. 5(a)-®). 

Then, the operations of the adaptive post-filter are controlled as shown in Fig. 4 
according to the presence or absence of errors in the auxiliary information and the 
channel error rate estimated from the reception level (corresponding to the error rate of 
the primary information). 

Now, when there are no auxiliary information errors and the estimated channel error rate 
is less than a predetermined value, the error rate of the primary information is almost 
zero, so the switch SW is put into the state indicated by the solid line by a control signal 
from the error detection decoder 32, and formant information from the coefficient 
generator 311 is inputted to the coefficient device 42. 

Then, the output of the high-capacity decoder which has passed through the adder 45 is 
multiplied by a coefficient each time it is delayed by a predetermined amount at the 
delay portion, and synthesized at the synthesizer 44, after which it is inputted to the 
adder 45, and the decoded output is processed by correction to obtain the speech signal 
shown in Fig. 5(a)-@. 

Additionally, when the estimated channel error rate is at least as high as a predetermined 
value, weighting coefficients (e.g. a value between 0 and 1) sent from the channel 
monitoring portion 33 is inputted to the coefficient device 43 to correct errors in the 
primary information, thus emphasizing the formants as shown in Fig. 5(b)-®'. 

That is, in the case of only the coefficient from the coefficient device 311, the 
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correction filter itself emphasizes the formant information as shown in (-Y )of the same 
drawing to obtain the speech signal, but in the case where the channel error rate is at 
least a predetermined vale, noise is heard, so that the formants are emphasized by using 
weighting coefficients, and the noise is reduced as indicated by (D). If the channel 
error rate becomes low, then the weighting coefficient is made such as to weaken the 
emphasis of formants. 

However, when there are errors in the auxiliary information, the adaptive post-filter 
performs an erroneous emphasis as indicated by the dotted line in Fig. 5-(4)", and the 
speech signal becomes distorted, so at the output of the error detection decoder 32, the 
switch SW is thrown to the opposite side and the 0 from the coefficient generatof34Fis 
inputted to the coefficient device 42. As a result, the adaptive post-filter stops trie 
operation of the correction process, and the decoded output from the high-capacity 
decoder is directly outputted. / 

That is, the adaptive post-filter i s controiled3 y^means-of-an^ rror detection proce ss_with 
respect to the auxiliary information on the decoder side and monitoring of the error rate 
of the channel, thereby enabling the influence of channel errors to be reduced without 
sacrificing the efficiency of the high-capacity coding format. 

Effects of the Invention 

As described in detail above, the present invention has the effect of enabling the 
influence of channel errors to be reduced without sacrificing the efficiency of a 
high-capacity coding format. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A block diagram showing the principles of the present invention. 

Fig. 2 A block diagram showing an embodiment of the present invention. 

Fig. 3 A structural diagram of a speech information bit. 

Fig. 4 An explanatory diagram of adaptive post-filter control. 

Fig. 5 An explanatory diagram of the operations of Fig. 2. 

Fig. 6 A block diagram showing a conventional example. 

In the drawings: 

21 high-capacity coder 



Japanese Patent Application / Page 8 

Flrpt Publication No. H2-256308 



22 error detection coder 

31 high-capacity decoder 

32 error detection decoder 

33 channel state monitoring portion 

34 switching means 

4 adaptive post-filter 
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